Abstract-Biomass samples from field trials of seven sweet sorghum hybrids cultivated in heavy metals polluted area where harvested and the main production features where quantified. Sugars were harvested from sorghum stalks by pressing the juice and by water extraction of sugars from resulted bagasse. Sugars production was quantified (glucose by enzymatic assay and total reducing sugars by DNS assay). The sorghum hybrids evaluated in this work accumulated high quantities of biomass in 140 days of cultivation (up to 33 tons D.M.· ha -1 ). Up to 270 mg· g -1 of juice was extracted from the fresh biomass containing up to 85 mg· ml -1 reducing sugars. By water extraction, low concentration sugars solutions are obtained, but higher yields reported to sorghum biomass comparing with juice pressing. the first three best potentials in terms of sugar production per hectare are hybrids F135ST, Sugargraze II and Sugargraze. In conclusion, Sweet sorghum [Sorghum bicolor (L) Moench] can be successfully cultivated in heavy metals polluted area to produce biomass and sugars for industrial purpose that can be used to produce biofuels and other biochemicals. Cultivation of the seven sorghum hybrids in tested conditions for a period longer than 140 days (up to 170 days) does not increase the sugar production potentials, by contrary, in the most of cases the yielding potentials decreases.
I. INTRODUCTION
The finite character and high prices of fossil fuels, energy independence, and the environmental concerns related to the use of fossil fuels, such as greenhouse gas emissions and climate change, have pushed the global community towards the development of new, renewable energy sources [1] , [2] . Bioethanol has become very attractive as a substitute for fossil based fuel. The USA and Brazil, the two largest bioethanol producers, made tremendous progress in producing bioethanol from corn, Manuscript received July 16, 2016; revised November 4, 2016. respectively sugarcane [3] . Even so, other sustainability issues arise in the form of the food vs. fuel debate, or the matter of high quantities of waste remaining after producing first generation biofuels. In this regard, an alternative solution is bioethanol production from crops cultivated in polluted areas. In a bio -refinery concept, sugars obtained from sugar crops can be used as feedstock to obtain chemical bio -products, offering an alternative not only for the energy industry but also for the chemical industry [4] . Sorghum bicolor (L.) Moench, is one of the most investigated energy crops [5] due to a variety of advantages that it presents over sugarcane and starchy raw materials. Both sweet and grain varieties produce high yields, even under a wide range of environmental conditions, it exhibits high tolerance to draught, can be cultivated on marginal lands and has low input requirements [6] - [8] . Last, but not least sorghum is one of the most variable plant in terms of genetic resources, making breeding and development of new cultivars, adapted to different climate zones around the globe, easier [9] . Sorghum cultures have been previously applied in phytoextraction experiments in in polluted areas [10] - [12] . Our research results indicated sweet sorghum as a good alternative to use heavy metals polluted land for fuel bioethanol production [13] . In this regard, the aim of this study was to evaluate the potential of sugars production of several sweet sorghum hybrids cultivated in heavy metals polluted area. The main aim of the sugars obtained in such areas is to be used in biorefineries for biofuels and other biochemical production.
II. MATERIALS AND METHODS
Experimental plots consisting of Sweet sorghum hybrids were cultivated in Copsa Mica area, Romania. In this area, the soil is polluted by a nonferous metals smelter processing metal sulfides until 2009. Soil loading with heavy metals, at the level 0 -20cm, was previously reported [14] 
B. Sugar Harvesting by Pressing
Aerial part of the plants (stems, leaves and panicles) where harvested from the experimental plots. Leaves and panicles were removed and stems were milled using a Retsch SM100 laboratory mill to 2cm theoretical length. The fresh biomass obtained after milling was pressed using a stainless steel/aluminium hand press (Ferrari Group, Italy). The sorghum juice obtained was frozen until analysis. To evaluate the sweetness of the juice, we analysed the total soluble extract (degree Brix), total reducing sugars and glucose. As sucrose is easily hydrolysed into glucose and fructose, we assumed that by analysing total reducing sugars content in the juice, we find the main sugar contents of the sorghum juice. Moreover, by subtracting the value of glucose concentration (G) from the value of total reducing sugars concentration (RS), we can find the concentration of the other reducing sugars in the sorghum juice (F). The spent biomass resulted after pressing is hereinafter referred as bagasse.
C. Sugar Harvesting by Water Extraction from
Bagasse Sorghum stems are can have different water contents, depending of sorghum variety, phenophase, climatic conditions. Consequently, the quantity of juice harvested by pressing sorghum stems varies depending on sorghum humidity. More humid biomass yields more juice, as the dryer sorghum stems yields no juice. The sugars that could not be harvested by pressing, were extracted from sorghum bagasse by water solubilization. The extraction method applied in this work was performed according to Brugnoli et al. (1988) with slight modifications. Samples consisting of 5g of finely milled biomass mixed with 50ml distilled water were microwaved for 1 min at 800 watts (for stopping enzymatic activities). After cooling, the samples were incubated for two hours at 37.8°C, under constant stirring (150 rpm). The resulted liquid was filtered using filter paper and frozen until analysis. We followed the same parameters as in sorghum juice: Brix, concentration in reducing sugars and glucose.
D. Analytical Methods
Dry matter content was determined using the NREL Laboratory Analytical Procedures [15] . Total soluble solids were measured as degrees Brix using a refractometer (Hanna Instruments, Germany). To determine the total sugars, samples harvested from sorghum juice and water extraction were centrifuged to remove solids and supernatant was analyzed by DNS method, according to IUPAC standards [16] .
Glucose concentration in both extracts was determined using a reaction kit for quantitative determination of glucose in liquids applying GOD-PAP enzymatic method. Glucose is determined after enzymatic oxidation in the presence of glucose oxidase (GOD). The formed hydrogen peroxide reacts under catalysis of peroxidase (PAP) with phenol and 4-aminoantipyrine to form a red violet quinoneimine dye as indicator.
III. RESULTS AND DISCUSSIONS

A. Biomass Production
The most intensive growth of sorghum cultures was noticed starting July, when the air and soil temperatures reached the optimal values for these plant species. The plants growth occurred mainly during the last sixty days of cultivation (in the months of July and August). According to other researches, the harvest of sorghum biomass is recommended after 140-150 days of cultivation [17] - [19] . In this work we study the accumulation of sugars in sorghum stems in the indicated period (sampling in September, after 140 days of cultivation) and after the first frost of October (sampling after 170 days of cultivation). In September, the first samples were harvested and measurements regarding plants height, dry mater and stem weight are presented in Table I . Regarding the stage of development in the seven sorghum varieties, six of them formed panicles containing seeds in low percentage, while Jumbo variety either did not formed panicles, or the panicles did not emerge from the upper bud.
The most important parameter in our study is the stems weight, as there the sugars are accumulated. Regarding this aspect, data in Table II 
B. Sugar Extraction
After fragmenting the sorghum stems and obtaining fragments comparable with billets obtained in sugar cane harvesting, the fragments where milled with Retch laboratory mill in two rounds: first milling without the mesh and the second milling using a 2cm mesh. The milled biomass was pressed with laboratory press. The juice and bagasse were harvested; samples were collected and frozen until analysis.
The highest quantities of juice were extracted from Sugargraze. Sugargraze II. Jumbo and F135ST (Table  III) . These hybrids accumulated the highest concentrations of reducing sugars in juice harvested from the stems as well.
Regarding sugar harvesting by water extraction (Table  IV) , Sugargraze II, F135ST and Buldozer revealed best results, in the range of 52 -67mg/g fresh biomass. Anyway, by this procedure solutions containing low concentration of sugar are obtained (between 4 and 8 g/l reducing sugars) comparing with pressing, juice containing high-concentration of sugars is obtained in the range of 80g/l.
Samples harvested in October (after 170 days of cultivation) indicate mature plants, leaves spotted with rusty areas and frequent dried leaves. Excepting Jumbo hybrid, where panicles are very rare (around 20%), all other hybrids developed panicles and the seeds are mature. Frequency of ramifications is between 5 and 12 per plant, some hybrids (Super Sile and F135ST having rare ramifications on the main stem. Generally, the consistency of the stems is harder comparing with the phase of 150 days of cultivation and in all hybrids the core of the stem is more dehydrated. Low quantities of juice or even no juice was extracted by pressing the sorghum stems in this phase (Table V) . Regarding water extraction (Table VI) , we found that in some hybrids higher quantities of sugars were extracted after 170 days by water extraction comparing with the previous phase, especially in Sugargraze II hybrid, where the yields of reducing sugars reached 80 mg/g biomass. Although by water extraction the sugar yields are higher reported to biomass, it is obvious that the main procedure for sugar extraction from sorghum stems should be juice harvesting by pressing because solutions with high concentration of sugars are harvested this way.
Data obtained in our research indicate important differences between sugars yield potentials in different sorghum hybrids. Although the tested hybrids are all indicated as specially obtained for biomass/forage production, some of them can be successfully used for sugars production.
Data in columns RS in Table III and Table V indicate high concentrations of reducing sugars in juice harvested by pressing from hybrids Sugargraze, Sugargraze II and Jumbo. Overall yields are generally higher in samples harvested after 140 days of cultivation comparing with samples harvested after the first frost in autumn. The sugars yield potentials reported to biomass are comparatively presented in Fig. 1 and Fig. 2 . Hybrids Sugargraze II, F135ST, Bulldozer and Sugargraze express high production potentials.
In the first period of cultivation, when the sugars yield obtained by pressing are higher than in the next period of sampling. By multiplying the sugars yields potentials reported to biomass with the biomass production potentials reported in Table I and Table II , we obtained the sugar production potentials reported in kilograms per hectare (data comparatively presented in Fig. 3 and Fig.  4) .
It is obvious that the first three best potentials in terms of sugar production per hectare are hybrids F135ST, Sugargraze II and Sugargraze, in the range of 4500 -7000kg/ha. These sugars obtained in polluted area can be used in biorefinery to produce biofuels and other biochemical, as described in our previous research [13] , and bagasse can be used as co-substrate in anaerobic digestion for biogas production. In the same previous work, data indicate that the metal concentrations in sorghum juice obtained in the same polluted area are below the established maximal thresholds; therefore, the sorghum juice can be used in food industry as well.
Regarding the extraction of sugars from sweet sorghum stems, it is recommended to combine pressing with solubilization to fulfil production potentials indicated in this study. Further research focused on ensiling sorghum biomass combined with sugars preservation and extraction are currently carried out by our team. Sugar production potentials of different sweet sorghum hybrids differ and potential yields can have highly different values depending on the type of sorghum hybrids.
Hybrid F135ST obtained locally, in Romania, have been found to have the highest sugar production potential reported to the area of cultivated land, after 140 days of cultivation, followed by (imported) hybrids Sugargraze II and Sugargraze.
Cultivation of the seven sorghum hybrids in tested conditions for a period longer than 140 days (up to 170 days) does not increase the sugar production potentials, by contrary, in the most of cases the yielding potentials decreases.
Sugar extraction can be carried out by direct pressing of milled biomass in the first period of cultivation, when humidity of the plants is higher. Nevertheless, extraction technologies combining solubilization and pressing should be applied to extract the sugars contained in sweet sorghum stems. 
